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1 
This invention relates fo dynamometric appa- 
ratus. 
An object of this invention is fo provide appa- 
ratus for automatically indicating the torque out- 
put of a driving unit, such as a motor. 
Another object is fo provide apparatus for 
automatically indicating the torque demand of a 
driven unit such as a generator. 
A further object is fo provide an electronic 
system for automatically indicating the torque 
output of a driving unit or the torque demand 
of a driven unit. 
Further objects and advantages of this inven- 
tion, as well as its construction, arrangement and 
operation, will be apparent from the following de- 
scription and claires in connection with the ac- 
companying drawing, in which: 
Fig. 1 is a diagrammatic illustration, in block 
form, of the system employed in this invention, 
and, 
Fig. 2 is a diagrammatic illustration, partially 
in block form, showing certain of the parts repre- 
sented by blocks in Fig. 1 in greater detail. 
Fig. 1 shows the essential parts of the elec- 
tronic dynamometric system comprising a bed 
plate , a motor 2 having a freely rotatable 
stator and provided with a coupling 3, a dis- 
placement-sensitive pickup transformer 4 an 
electronic amplifier , an indicator transformer 
6, an integrating and indicating device 6a, and 
an electrically responsive balancing device 
As shown in Fig. 2, the motor 2 bas a freely 
rotatable stator 8, .which may be ball-bearing 
mounted as shown af Sa. Flexible coupling 3 
(Fig. 1) or other suitable means is provided for 
connecting the rotor of the motor f2 fo the unit 
under test. Attached fo the freely rotatable 
stator 8 of the motor 2 is an arm 9 upon 
which ts mounted an armature 2{}. The displace- 
ment sensitive pickup transformer generally des- 
ignated 4, which may be a conventional E trans- 
former as shown or other suitable type, is re- 
sponsive fo movements of the armature 26 fo pro- 
vide voltages of varying amplitude and phase de- 
pending upon the magnitude and direction of the 
movement of the armature 2{}. The center arm 
2f of the E transformer is connected fo asuit- 
able source of power. The other two arms 22 and 
23 are wound exactly alike by connected coils 
24 and 2S. The voltage across the coil on one 
arm of the £ transformer is 18.0 electrical degrees 
out of phase with the voltage across the Coiï on 
the other arm. When the armature 2{} is in the 
center position the summation of the signal volt- 
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age fo the aplifier | is zero. When the arma- 
ture 2{ moves off center, the signal voltage from 
one of the coils 24 and 2 is larger than that from 
the other coil. The resultant voltage is the alge- 
5 braic sure of the two voltages. The signal volt- 
age from pickup transformer f4 is amplified by 
follow-up amplifier fS. This is a conventional 
electronic follow-up amplifier unit of a type simi- 
lar fo that used in follow-up systems of, for ex- 
10 ample, ,gyrocompasses. This amplifier unit in re- 
sponse fo the signal voltage from the pickup 
transformer f4 supplies power fo solenoid coils 26 
and 27 which are disposed about a soft-iron core 
or armature 28 mounted upon arm 29 attached 
15 to the stator 8 of the ball bearing mounted 
motor 2. If the armature 2 is in the center 
position, the current sent to the coi1 26 is equal 
and opposite fo that sent to the cofl 27 and the 
solenoid cote 28 will remain stationary. If the 
20 stator housing 8 turns slightly, the armature 2 
moves off center and the current sent fo one of 
the coils 26 and 27 will be greater than that sent 
fo the other coil. This causes the solenoid core 
28 fo move, forcing the stator housing f8 back 
2 toward ifs original position. 
The difference in electrical power and cur- 
rent supplied the two solenoid coils 26 and 27 
is automatically measured by the integrating and 
indicating device f6a responsive fo signal from 
o transformer . This device 6a may be a dif- 
ferential ammeter or wattmeter, or an electronic 
indicator whch will indicate either the average 
or instantaneous values on a scale which can be 
either graduated directly in terres of torque, or 
35 in units that may be converted into torque values 
by calibration charts. 
For calibration purposes weights may be hung 
ai points on the arms 9 and 29 attached fo the 
stator housing 8 and from the mass and mo- 
40 ment arm the actual applied torque can be cal- 
culated. From this data and the corresponding 
meter information, calibration curves can be 
drawn. 
In operation, the device fo be tested is mount- 
45 ed on the bedplate  and coupled through flex- 
ible coupling 3 to the ball-bearing-mounted 
motor 12. 
If the unit fo be tested is a motor or driving 
unit, the ball-bearing motor is used .as a generator 
50 and the power if generates is dissipated in load- 
ing ïesistors (not shown). (An approxirnate 
check on the power can be obtained by measuring 
the power output and from this and the known 
efficiency of the ball-bearing motor, when oper- 
S5 ated as a generator, calculating the Power.) The 



reaction torque developed by the stator of the ball- 
bearing-mounted motor 12 is indicated upon the 
indicating instrument 16a and is equal to the 
torque output of the unit under test. 
If the unit to be tested is a driven unit, thon 
the ball-bearing motor 2 is used as a motor and 
the power te operate itis supplied frein external 
sources. (An approximate check on the power 
can be ruade by measuring power demand and 
ïrom this and the known efficiency of the ball- 
bearing motor, operated as a motor, calculating 
the power.) The reaction torque developed by 
the stator of the ball-bearing motor_ 2 is indi- 
cated by the indicating instrument 6a and is 
equal to the torque demand.oï-theunit-under 
test. 
The reaction torque is measm'ed by measuring. 
the net current and power, or the--current or 
power alone, required fo keep the-stator 
original position. The reaction torque is auto- 
matically balanced by the disp!acement sensitive 
pickup transïormer 4 controlling the _amplifier 
! 5, which in. turn varies the current in the sole- 
noid coils 20 and .2 so that the difference is suf- 
ficient fo produce a torque equal fo the reaction 
torque. 
In order fo reduce static ïriction to an insig- 
nificantvalue, the amplifier 5 may be oï a type 
having a hunting action which introduces a small 
oscillation into the system, so that the system 
(i. e., motor stator) is not dead boat or static but 
oscfllates continually through a very small am- 
plitude. 
The. dynamometer of this invention provides 
an extremely accurate and simple apparatus for 
determining the power output or demand of a 
driving or driven unit. 
It is to be understood that various modifica- 
tions and changes can be ruade in this invention 
without departing, from the spirit and scope 
thereof as.set forth in the appended claires. 
The invention described .herein may be manu- 
factured .and used by or for.the. Government of 
the United. States of America ïor governmental 
purposes without the payment ofany royalties 
thereon or therefor. 
What is claimed is: 
1. Dynamometric apparatus comprising a motor 
having a rotor and a ïreely rotatable stator, means 
ïor couplflug said rotor to a unit fo be tested, a 
pair of arms mounted on said stator, an armature 
on one oï said arms, electrical displacement-sen- 
sitive pickup-means responsive fo movements of 
said armature, an etectronic amplifier having 
input connected fo said pickup means and pro- 
ducing norma!ly balanced output currentsthe 
relative magnitudes of which are varied in ac- 
cordance with the magnitude .and phase of the 
input signal, a pair of solenoid coils for receiving 
electrical energy from said amplifier, said sole- 
noid coils being adapted to be unequally energized 
by said amp!ified energy fo provide a net current 
of magnitude and sense corresponding to the mag- 
nitude and direction oï the displacement of said 
armature from a null position, a solenoid core 
mounted on the other of said arms and disposed 
within the said solenoid coils, whereby said core 
is displaced in accordance with said net  cm'rent 
to balance the reaction torque developed by the 
said freely rotatable stator, and means responsive 
to the electrical energy supplied by said amplifier 
fo indicate the required balancing power. 
2. A dynamometer comprising a motor having 
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a rotor and a îreely rotatable stator, means ïor 
coupling the unit fo be tested fo said rotor, dis- 
placement-sensitive pickup means responsive to 
displacement of said stator, an amplifier having 
5 ifs input connected fo said pickup means and 
producing normally balanced output currents the 
relative magnitudes of which are .varied in ac- 
cordance with the magnitude and phase oï the 
input signal, and a force-balancing device con- 
10 nected electrically to the amplifier output ,and 
connected operatively fo said stator and differ- 
entially responsive to said output currents fo bal- 
ance the disp_lacement of said stator. 
3. A dynamometric system comprising a dyna- 
15  moelectric machine having a rotor and a freely 
rotatable stator, means ïor coupling a unit to be 
tested to said rotor, displacement-sensitive pick- 
up means responsive fo displacement of said 
stator, to provide electrical signals, electronic am- 
20 plifying means having its input connected fo said 
pickup means and producing norma!ly balanced 
output currents the relative magnitudes of which 
are .varied in accordance with the magnitude and 
phase of the input signal, a force-balancing de- 
25 vice including differentially-wound relay, means 
connected operatively to said stator and respon- 
sive to said output currents to minimize the dis- 
placement oï said stator, and means for measur- 
ing the balancing power. 
30 4. Dynamometeric apparatus comprising a dy- 
namoelectric machine having.at least two parts 
capable of rotative movement, the rotation of one 
part being a measure of the reaction torque rela- 
tive to the rotation of the other part, one said 
35 part being adapted ïor coupling to a source of 
power to be measm'ed, means responsive to dis- 
placement of said other part from a predeter- 
mined condition for producing normally balanced 
output-currents the relative magnitudes oï which 
40 are varied in accordance with the magnitude .and 
phase of the input sigï_ al, and a force-balancing 
device connected electrically fo said means and 
cormected operatively to said ether part and dif- 
ferentiallx responsive fo said output currents ïor 
45 producing a displacement of said other part equal 
and opposite to said first-mentioned displacement 
thereby to minimize the saine. 
5. The apparatus as in claire 4 whereioE] the 
force-balancing device comprises a pair of wind- 
50 ings connected in bucking relation and adapted 
normally for unequal energization by said output 
currents. 
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